Introduction
The issue of nitrogen (N) fate and transport, particularly nitrate-nitrogen (N03-N) leaching, and the resultant contamination of surface and groundwater resources is a continuing public concern. A recent newspaper editorial (July 1, 2001) in the Des Moines Register entitled "Nitrate madness," noted that N03-N can pose human health hazards relative to methemoglobamemia, certain forms of cancer, and miscarriages, as well as cause ecological damages such as hypoxia in the Gulf of Mexico. It was also noted that in Iowa, agriculture is a major source ofN03-N loss, but that: "A variety of means are available to reduce nitrates, but they need to be universally practiced to be effective."
Before considering hydrological, chemical, and "means" or management factors affecting N fate and transport, two points should be made. The flrst is that for economic com production where a yield of at least 150 bu/acre would be expected, the amount ofN needed for grain (110 lb/ac), above ground stover (80 lb/ac), and roots (50 lb/ac), totals about 240 lb/ac. Given that the com plant might transpire 18 inches of water in a growing season, the ratio ofN03-N to water taken up is 60 mg/L, quite a large number relative to levels of concern (e.g., the drinking water standard is the U.S. is 10 mg/L). That U.S. com producers generally only supply a little over half the crop N needs as inorganic fertilizer and/or manure, with the other half having to come from "recycled" N in the soil and crop residue, also has implications for management practices to reduce N03-N leaching.
The second point is that a 50 bu/acre soybean yield removes ~bout 185lb N/ac in the harvested grain; this is about equal to what the soybean plant might flx from the atmosphere in a growing season. Therefore, the "N credit" often given for com following soybeans is due not to additional N flxed by the soybean plant, but to increased availability ofN remaining in the soil and crop residue. Furthermore, when considering a total N mass balance for a com-soybean system, depending on inputs from precipitation and animal manures that are recycled to the land versus losses due denitrification and leaching, it is not inconceivable in the Com Belt that we are near a balance (with soil organic matter content stabilized to a new lower but constant value, compared to previous prairie or wetland conditions).
The transport of nitrogen to surface water resources such as rivers can take place with sediment and water in the form of surface runoff from treated fields as well as with drainage water from beneath the root zone that can reach a stream or river via base-flow or artificial subsurface drainage. The schematic in Figure 1 illustrates these pathways. Of course, water draining from beneath the root zone has the potential to move on down to recharge an aquifer, and water in a surface water resource has the potential to recharge an alluvial aquifer. That, combined with the special cases of losing streams, sink-holes, and drainage wells, illustrates why it is not feasible to consider protection of surface water exclusive of groundwater, or vice-versa. To develop nonpoint source pollution control alternatives, it is important to understand the three major sets of factors important in determining nitrogen losses: hydrologic conditions, chemical properties, and management practices. 
Hydrologic Factors/Conditions
Hydrologic factors, particularly the soil's infiltration rate relative to rainfall intensity, determine the timing and volume of surface runoff and alter or influence N losses by affecting the 'carriers (i.e. water and sediment). For transfer ofN into surface runoff, it is believed there is a thin "mixing zone" at the soil surface from which N is released; this is illustrated as 1 em or about 0.4 inches in Figure 1 . As shown in several studies, (e.g., Baker et al., 1978) , soluble chemical concentrations in runoff decrease with time during a rainstorm, presumably as the chemical is lost off-site or moves down into the soil beneath the mixing zone. Based on concentration decreases and runoff loss data, the latter process of chemical moving down into the soil must be the dominant process. In the rainfall simulation study by Baker and Laflen (1979) , soil compaction by tractor traffic caused runoff to begin sooner and be greater than for similar disked plots with tractor traffic. Although the volume of runoff was increased only 8%, chemical losses were increased about 300% by the hydrologic changes due to compaction. In another rainfall simulation study (Baker and Laflen, 1982) , crop residue on the soil surface delayed and decreased surface runoff relative to similar plots with no crop residue. Although the volume of runoff was decreased 72% by the residue, measured ammonium-nitrogen CNH4-N) and N03-N losses from plots fertilized below the residue were decreased about 89 and 82%, respectively.
For water that does infiltrate into the soil, the volume and route of water moving through the root zone affects chemical leaching losses. In a study ofN03-N losses through subsurface drainage as affected by tillage (Kanwar et al., 1995) , increased infiltration and leaching volume for no-till continuous com relative to the moldboard plow tillage system resulted in larger losses, despite lower N0 3 -N concentrations with no-till. However for the com-soybean rotation, both concentrations and losses were lower for no-till. The route of water moving through the soil, especially relative to preferential flow paths or macropores, also illustrated in Figure 1 , can affect chemical concentrations and leaching. In some studies on N03-N leaching, the movement of water quickly through macrospores has allowed the water to by-pass N03-N that may have been within soil aggregates and reduced leaching, in which case macrospore flow was good. In other studies (e.g., Kanwar et al., 1993) , particularly with herbicides, the increased existence of macrospores all the way to the soil surface with conservation tillage has resulted in higher herbicide concentrations in water percolating from the root zone compared to the moldboard plow system.
Chemical Factors/Properties
The two primary chemical properties that affect N fate and transport are persistence and soil adsorption. The longer a chemical persists as such (i.e. resists transformation and/or removal by several processes including volatilization and plant uptake), the greater the chance for off-site movement with sediment water. The interaction between soil and a specific chemical, in the way of soil adsorption, determines the maj oi mechanism of movement or loss. For chemicals with K values (ratio of concentration in soil or sediment to that in solution in water at equilibrium) greater than about 50 to 100, termed strongly-adsorbed, losses would be mainly with sediment. For chemicals with K values in the range of about 1 to 50, termed moderately-adsorbed, losses would be mainly with surface runoff water. And for chemicals with K values from 0 to about 1, termed non-to weakly-adsorbed, losses would be mainly with leaching or subsurface drainage water.
Nl-4-N, because it is a cation (positively charged), is adsorbed to negatively charged sites on clay and organic matter generally with K values putting it in the moderately adsorbed range. Thus NH.t-N is mostly lost in surface runoff, with concentrations ofNI-4-N in runoff water over 10 mg/L possible for runoff events shortly after surface applications of ammononical-N fertilizer or manure (Baker and Laflen, 1982) . However, concentrations in subsurface drainage are almost always less than 0.2 mg/L (Baker, 1980) . This is the reason nitrification inhibitors, such as NServe, are used; they increase the persistence ofNH.t-N by preventing the conversion to the much more mobile and leachable N03-N (discussed next).
N0 3 -N, because it is an anion (negatively charged), is not adsorbed by soils and moves readily with water. Because the surface layer of soil that interacts with and releases N03-N to rainfall and surface runoff is fairly thin (shown as 1 em in Figure 1 ), and if that surface soil has good structure and is not already saturated or compacted, sufficient infiltrating water will move through it before runoff begins, moving a significant portion of the N03-N present to a depth where it can not be lost with runoff. That is why N03-N concentrations in surface runoff from row-crop lands in the Com Belt are usually in the 2-5 mg/L range; whereas, in subsurface drainage water from the same lands, N03-N concentrations are usually in the 10-20 mg/L range. The location ofN03-N within soil aggregates versus near zones of preferential and higher water movement will have an impact on N03-N concentrations in leaching water (this will be discussed further in the next section relative to tillage and also N fertilizer placement).
In-field Management Factors/Practices
Because N loss is the product of the carrier (be it subsurface leaching water, surface runoff water, and/or sediment) and concentration in that carrier, management practices can be chosen to affect the volume of the carrier(s), the source ofN, or both. The decision on practices to be used must consider the form ofN (and its properties), the source ofN, the soil and climatic conditions that exist, and the economics of implementation (costs and benefits). Because the implementation of a single practice is often insufficient to control the loss, a "system" of practices is often needed. To be efficient, this system may include a combination of in-field and off-site practices (e.g., vegetated filter or buffer strips and constructed or restored wetlands). In-field management practices take the form of practices related strictly to the source or concentration term in the loss equation (such as the rate, method/placement, form/additives, and timing ofN applications) and those related to both the concentration and transport, or volume of drainage, terms (such as tillage and cropping). In the following section, each of these management practices will be evaluated as to their potential to reduce N03-N leaching.
Rate
The rate ofN application has a very direct effect on N03-N concentrations in subsurface drainage water. In some early work in Minnesota, Gast et al. (1978) measured N03-N concentrations and losses with tile drainage from plots in continuous com that received N at 18, 100, 200, and 400 lb/ac for three years. There was no effect of differential fertilization on N03-N concentrations during the first year, but for the second year, by rate, concentrations averaged 19, 25, 37, and 65 mg!L, respectively; corresponding numbers for the third year were 19, 23, 43, and 81 mg/L. Soil sampling at the end of the third year showed a buildup ofN03-N in the 0 to 10-foot soil profile for the two highest rates, with 379 and 687lb/ac present for the 200 and 400 lb/ac rates, respectively. In more recent work in Minnesota, Randall and Mulla (2001) reported that N03-N losses in tile drainage water from continuous com plots increased from 7 lb/ac/yr (no N applied) to 19 and 26 lb/ac/yr when 120 and 180 lb/ac fertilizer N, respectively, was applied in the spring; corresponding numbers from fall N fertilization were 27 and 34lb/ac/yr.
In an early Iowa study, Baker and Johnson (1981) found in a com-soybean-com-oats rotation, with N applied at 85 lb/ac in the com years, that N03-N concentrations in tile drainage averaged 20.1 mg!L. When the N rate on an adjacent tile-drained plot was increased to 220 lb/ac, the concentrations for that plot averaged 40.5 mg/L. Concentration versus time/flow-volume data showed there was a lag of about 1 month and 4 inches of flow before differential fertilization affected N0 3 -N concentrations in tile drainage, and maximum concentrations were observed in the years following the years of large N fertilizer applications. Later work by Baker and Melvin (1994) has shown that for a site in north-central Iowa, com yields increased with N fertilizer rate for both continuous com (economic optimum N rate of about 180 lb/ac) and com rotated with soybeans (optimum of about 135 lb/ac ). However, as shown in Table 1 , N03-N concentrations in tile drainage from the treatment plots also increased with N application rate, and were well above 10 mg/L at the optimum fertilization rates. Phase two follow-up work on rate and method ofN application has occurred on the same plots. The concentration data shown in Table 2 again showed the effect of increasing N03-N concentrations with increasing N application rates. For the com-soybean rotation for both phases of this work, the effect of differential N fertilization in the com year was more evident in the following year when soybeans were grown with no N applied.
11ethod!Placement
The method of application or placement of applied N is receiving increased attention because the location in/within the soil relative to zones of higher water movement influences the degree of anion (including N03-N) leaching. In a rainfall simulation study of water and anion movement under ridge tillage (Hamlett et al., 1990) , N03-N and bromide (Br) placed in the elevated portion of the ridge had reduced leaching compared to a similar application with flat tillage. After 2.8 inches of rain, 89 and 94% of the applied N03-N and Br were recovered by soil sampling the top 4 feet of the soil profile, respectively; corresponding numbers for flat tillage were 53 and 62%. Visual observation and water content measurements showed that more water infiltrated in the valleys between the ridges than into the ridges (where the anions had been applied), because some water ran off the ridge slopes and ponded in the valleys. Kiuchi et al. (1996) measured the effects of different subsurface barriers, including plastic disks and compacted soil, on anion leaching in soil columns. All barriers placed over applied chloride (Cl; with cross-sectional areas .::: 8% of the column cross-sectional area) delayed column breakthrough and reduced peak concentrations of Cl. In a follow-up study, Baker et al. (1997) measured Br leaching from undisturbed blocks of soil where the Br was broadcast applied or point-injected with and without compaction around the point of injection. Compaction significantly reduced Br leaching with concentrations for that treatment on no-till blocks of soil being 7 and 11% of the uncompacted point injection and broadcast application treatments, respectively; corresponding numbers for chisel plow were 15 and 15%.
As a result of these studies, a new fertilizer applicator has been designed, constructed, and tested, (Ressler et al., 1997) . Termed the localized compaction and doming (LCD) applicator, it has three components that combine to reduce N03-N leaching. There is a blade/shoe on the injector knife to cut and smear macrospores in the immediate vicinity of the injected N (liquid, but applicator could be designed for granules), a rolling wheel to compact soil in the knife slot, and a disk to create a small soil dome over that slot. The overall concept is to place N in an environment that impedes excessive water movement; two patents have been received for this applicator (Pat. No. 5, 792, 459 and 5, 913, 368) . Comparison ofN03-N movement forN applied with the LCD applicator with that applied with a conventional knife applicator during the comgrowing season showed that the average depth of leaching for the LCD was only 60% of that for the knife. In another field study , soil was sampled to 2.6 feet 83 days after N03-N and Br were applied at about 120 lb/ac each with both LCD and knife applicators. This period in 1993 was wetter than normal, and there was about 22 lb/ac more of both N03-N and Br retained in the sampled soil for the LCD versus the knife applicator. In the following year, 1994, precipitation was slightly below normal, and application method had no effect on either N0 3 -N or Br recovered in soil sampled 68 and 131 days after application. In a lysimeter study three fluorbenzoate tracers were used to compare leaching of these anions (to the 4-foot deep drainage collection tube) applied surface broadcast, with a conventional knife applicator, and with the LCD applicator. At the end of six months, leaching losses were 4, 5, and 1% of that applied by the three methods, respectively; corresponding numbers after 18 months were 1, 25, and 13%. In an on-going field study Baker and Melvin (1994) , N0 3 -N concentrations in subsurface drainage and com yields are being measured for different methods ofN application (see Table 2 for 5-yr averages). One application method is use of a pointinjector fertilizer applicator (PIFA), developed at Iowa State University (Baker et al., 1989) , in conjunction with ridge tillage. Although differences in average N03-N concentrations were generally not large, there was a trend at the highest (and economic optimum) N rates for both rotations for the knife to have the highest concentration (statistically significant for continuous com).
Timing
Better timing ofN application(s) relative to crop needs reduces the opportunity for N03-N leaching. The com plant's need for N is not that great until at least four weeks after plant emergence, which generally means the greatest uptake period is mid-June through July. Fall application, while sometimes having advantages in the way ofN pricing or time to do field work, exposes the applied N to annual leaching losses over an extended period. Randall and Mulla (2001) reported that average annual N03-N leaching loss from continuous com for N applied in the fall at 120 lb/ac was 27 lb/ac, whereas it was 19 lb/ac when applied in the spring; corresponding numbers for a 180 lb/ac N application rate were 34 and 26 lb/ac. Besides reducing N03-N leaching in this 5-yr study, spring application increased com yields by about 10%. Randall and Mulla (2001) also reported that across a 4-yr flow period, annual average N03-N concentrations in tile drainage water from com plots receiving 134lb N/ac late fall, late fall with nitrapyrin, spring preplant, and split ( 40% preplant x 60% side-dress) were 20, 17, 16, and 16 mg/L, respectively.
In a 3-yr study of tillage and split N application effects on N03-N in tile drainage water (Kanwar et al., 1988) , there were no treatment effects the first year, and there was essentially no tile flow the second year (see Table 3 ). In the third year, for no-till continuous com, a split-application lower-rate treatment (112 lb N/ac; split 22, 45, 45 at planting, 20 days later, and another 20 days later) produced average N03-N concentrations of 11.4 mg!L, significantly lower than the 14.7 mg/L for 156 lb/ac applied at planting.
F orml Additives
Because of soil adsorption ofNfu-N, additions of ammonical N (or N that will form Nfu-N) will significantly reduce theN leaching potential for the time theN stays in the Nfu-N form. One approach to extend the "life" ofNfu-N is to add a nitrification inhibitor, such as nitrapyrin to the ammonical N being applied to reduce the conversion rate to N03-N. Randall and Mulla (2001) reported for a 4-yr study that N03-N concentrations in tile drainage where anhydrous ammonia was fall-applied for com at 134 lb N/ac were 20 mg!L; when nitrapyrin was added to the anhydrous ammonia, the concentration was 17 mg!L.
Tillage
The degree of tillage has the potential to affect both N03-N concentrations and the volume of subsurface drainage; tillage can range from complete inversion with the moldboard plow to no tillage at all. Mineralization ofN in soil organic matter and crop residue will affect the amount ofN03-N available for leaching and increased aeration of surface soils with increased tillage is expected to increase mineralization. Furthermore, the destruction of structure, including macroposes, in surface soil with tillage affects both the rate and route of infiltrating water (Baker, 1987) . The tillage system used also influences the options available for N application; in particular, the degree of incorporation possible decreases with the decreased severity of tillage.
Several studies have been performed where these combined effects of tillage have been measured in terms ofN03-N concentrations and losses in tile drainage from crops produced with different tillage systems. In one extensive 3-yr study in northeast Iowa (Weed and Kanwar, 1996) , average N03-N concentrations in tile drainage water were measured as a function of crop rotation and tillage. As shown in Table 4 , concentrations for no-till flat and ridge were lowest of the four tillage systems studied, and moldboard plow was the highest. When concentration data were combined with flow volume data to calculate losses, somewhat lower flows with the moldboard plow system off-set the higher concentrations such that losses were in the order: notill equals ridge-till < than moldboard plow < than chisel plow for the com-soybean and soybeancom rotations; for continuous com, the order was: moldboard plow < than ridge-till < than no-till <than chisel plow. The lower concentrations with no-till are believed due to less mineralization with no soil disturbance; movement of a greater percentage of water through preferential flowpaths, possibly "by-passing" some of the N in the no-till soil profile; and possibly some dilution due to higher average infiltration rates and drainage volumes with no-till. Data in Table 3 for the central Iowa study, noted earlier, show that average N03-N concentrations for the moldboard system were higher than for no-till, when the same N treatment, 156 lb/ac applied preplant, is considered. In an 11-yr study with continuous com in Minnesota, N03-N concentrations from no-till plots receiving 178 lb/ac/yr averaged 13 mg!L; for moldboard plow plots, the value was 15 mg!L (Randall and Iragvarapu, 1995) .
Cropping
Much of the US Midwestern Com Belt is in a com-soybean rotation with much less continuous com under the latest USDA Farm Program. Data in Tables 1, 2 , and 4 show, depending on the amount ofN applied but giving "credit" (usually 35-45 lb N/ac) for soybeans in the crop rotation, that N03-N concentrations in subsurface drainage for the com-soybean rotations are less than or equal those for continuous com. The study by Baker and Melvin (1994) also included continuous alfalfa where the N03-N concentrations averaged about 5 mg/L compared to the values above 10 mg!L show in Table 1 for fertilized com. In trying to establish alfalfa in the first year of that study, some plots remained fallow, and with soil N mineralization without plant uptake, the N03-N concentrations for those plots exceeded all others including continuous com receiving 200 lb N/ac. In the 4-yr Minnesota study on timing ofN fertilization cited earlier (Randall and Mulla, 2001 ), average N03-N concentrations in tile drainage from the fallow plots was 36 mg/L; the average for the four N fertilizer treatments (134lb N/ac/yr at different times) was 17 mg/L.
In a 4-yr Minnesota study of the effect of crop system on average N0 3 -N concentrations and losses in tile drainage water (Randall et al., 1997) , N03-N concentrations were 32, 24, 3, and 2 mg/L, respectively, for continuous corn, com-soybeans, alfalfa, and CRP (conservation reserve program with a grass-alfalfa mix). Because of higher flow volumes for row-crop plots, N0 3 -N losses were 30 to 50 times higher than from the perennial crops.
Off-Site Management Factors/Practices
Agricultural pollution from N is a landscape-level problem whose solution likely will require the reconfiguration of agricultural landscapes through a combination of in-field and off-site approaches. In-field approaches, as just discussed, include reduced N inputs, BMP' s to reduce soil erosion and N transport, and improved cropping systems. However, ongoing research increasingly suggests that the reduction ofN to acceptable levels in agricultural landscapes cannot be accomplished solely by the adoption of better in-field farming practices and improved cropping systems. Off-site approaches also will be needed, such as vegetated buffer strips and restored or constructed wetlands.
Vegetated buffer strips can be situated as riparian zones, on field borders, or sometimes within fields themselves on the contour or as grassed waterways. They have the potential of influencing both surface runoff and shallow subsurface drainage. The vegetation and rooting system slows overland flow and increases infiltration and removal ofN dissolved in that flow. The surface roughness and reduced flow velocity reduces the carrying capacity for sediment; and sediment, and N adsorbed to it, is deposited. In addition, depending on their chemical and physical properties, some forms ofN are removed from overland flow through adsorption to in-place soil and/or living and dead vegetation. The differences between riparian zones, contour buffer strips, and grassed waterways will be manifested in the effects of differences in relative areas of drainage to the vegetated area, the length of travel through the vegetated area, and the degree of concentration (or depth) of flow. Therefore, the topography and relative geometry of the source area and the vegetated area will be important. ·
The National Council of the Paper Industry for Air and Stream Improvement (NCASL, 1992) published a technical bulletin on the effectiveness of buffer strips in reducing sediment and nutrient transport and losses occurring from silvicultural operations. Velocity of water flow, size distribution of incoming sediment, slope and slope length before reaching the buffer strips, slope and slope length of buffer strips, vegetation characteristics, water depth and vegetation height, nutrient properties, and water quality were stated as critical factors responsible for determining the effectiveness of buffer strips. It was concluded that due to the variety of ongoing chemical, physical, and biological processes, buffer strips have high potential to reduce the transport of nutrients, and sediment with surface runoff. They pointed out that specific site factors (e.g., soil type, topography, vegetation in buffer area, and the nature of the surface water being protected) should be considered when designing buffer strips.
In the Com Belt, one of the most promising strategies for reducing N contamination of surface and ground water is the construction or restoration of wetlands in agricultural watersheds . specifically as sinks for agricultural chemical contaminants (van der Valk and Jolly, 1992) . Wetlands are areas of intense biological activity and there is considerable opportunity for chemical transformation and loss as water moves through these systems (Crumpton et al., 1993) . Studies suggest that wetlands may act as sinks for a variety of compounds (e.g. HowardWilliams, 1985) , and wetlands may be especially effective as sinks for N03-N loads from cultivated fields. In particular, constructed wetlands, which are integrated into new or existing drainage systems, may have considerable potential to remove N03-N from shallow subsurface drainage.
Most of the published papers dealing with wetlands and water quality note the probable importance of denitrification, with resulting gaseous loss of nitrous oxide (N20) and N2. In fact, with rare exception, denitrification is cited as the primary reason wetlands may serve as N sinks. However, N transformations in wetlands involve complex spatial and temporal patterns, and wetlands differ greatly in their efficiency as N03-N sinks, even when depth, area, and residence time are accounted for. In particular, seasonal and even diurnal changes in factors such as temperature, N03-N concentrations, and oxygen concentration can dramatically effect N transformation in sediments (Anderson et al. 1984) .
A major research initiative of the Wetlands Research Group at Iowa State University specifically addresses the water quality functions of watersheds. The experimental studies have confirmed the considerable capacity of wetlands to remove N03-N (Crumpton et al., 1993) , and confirmed that denitrification is the dominant loss process for extremely loaded N03-N in the study systems (Isenhart, 1992) . Even under highly aerobic conditions, N03-N concentrations declined rapidly in water overlying wetland sediments in all of the experiments. When mesocosms with residence times of approximately one week were loaded with 3 to 15 mg/L ofN03-N, percent N03-N removal exceeded 80%. Estimates of loss rates of externally loaded N03-N in . the wetland mesocosms range from about 5 to 50 lb N03-N per acre of wetland per day and are clearly related to the concentration ofN03-N in the overlying water. These studies suggest that a mature, one-acre wetland in central Iowa could remove significant amounts of the N03-N lost in water draining approximately 100 ac of com at moderately high N application rates.
Summary
"Fine-tuning" in-field management practices relative to rate, method, timing, and form/additives ofN applications has the potential to decrease N03-N concentrations and therefore leaching losses with subsurface drainage. Use of the late-spring-soil-nitrate test (LSNT) can help in determining the correct N rate for com, and there is some potential that a new soil test for amino sugar N will improve that test over the current N03-N analysis. However, given the large N needs for com, and the close relationship between yield and available N, it is unlikely in most cases that N application rates can be adjusted downward more than 10 to 20% without significant economic loss of production. Additional improvements in method and/or timing ofN applications as discussed should also reduce N03-N leaching losses, but overall it is probably not realistic to expect changes in rate, method, timing, and farm/additives to reduce losses more than 25%. Increased use of no-till, on average should reduce N03-N concentrations, but again the effect will be limited, probably overall less than 15%. Choice of cropping can have a much bigger influence; however, economics currently dictates that row-crop agriculture consists of com and soybeans. If in-field practices are not sufficient to obtain the desired degree ofN0 3 -N loss reduction, then off-site practices will have to be considered. Constructed/reconstructed wetlands have the greatest potential to reduce N03-N transport. 11.4 Table 4 . N03-N concentrations in tile drainage as affected by crop rotation and tillage . rotation moldboard plow chisel plow ridge-till no-till
-------------------------------mg N03-NIL-------------------------------
continuous com 36.9 31.0 21.9 21.9 rotation com rotation soybeans 1 Weed and Kanwar (199. 6 ). 
